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Abstract 
Hemodialysis is an expensive life extending procedure used world-wide. Hemodialysis centers typically require multiple 
caregivers—e.g., nephrologists, nurses, technicians and social workers-- who assist each patient multiple times per week. 
These caregivers follow precise clinical processes that we refer to as a collection of clinical workflows. When combined, 
these workflows collectively provide comprehensive hemodialysis services. We show how these clinical workflows can 
be directly enforced using an electronic medical record system. Our proposed system has been used to model the 
workflows of a functional dialysis center and implemented using open-source software for the EMR components and 
workflow management system. 
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1. Introduction 
Electronic Medical Records (EMRs) have been widely adopted by the U.S. healthcare industry.  Indeed, 
the U.S government has provided about $50 million to encourage healthcare providers to use EMR [1].  
Kidney Dialysis is also one such area of specialized treatment that could benefit by having a specialized 
EMR. Some researches demonstrated that using an EMR system for dialysis to improve treatment efficacy 
could save cost and labor [2, 3], and reduce treatment errors [4]. However, a report sponsored by the 
Pennsylvania Patient Safety Authority found that between November 1, 2008 and October 31, 2009, 
Pennsylvania hemodialysis facilities reported having 12.9% incidents caused by failure to follow policies or 
protocols designed for dialysis [5]. Each avoidable incident drew attention to the dialysis industry’s quality of 
care. Furthermore, the “pay for performance” (P4P) paradigm announced by Center for Medicare and 
Medicaid Services (CMS) [6] focused even more attention to the dialysis industry with an annual cost of $52 
billion in 2010. 
 To the best of our knowledge, there is no workflow-based EMR system designed for dialysis. We propose 
a workflow-based EMR system for dialysis to avoid the disadvantages and harm from deviation from 
procedures and policies. We also take the position that a workflow-based EMR system is better suited to study 
the safety and quality care issues in the delivery of dialysis.   
As reported herein, we worked with a dialysis unit before and after they converted from a paper-based 
document system to an EMR system to obtain their workflows, then built a workflow-based EMR system for 
hemodialysis. We then used an open source EMR system and an open source workflow system to build a 
workflow-based EMR system.  
Following this Introduction, Section 2 describes related work; Section 3 provides an overview of a dialysis 
workflow; Section 4 shows the detailed models of our hemodialysis workflow-enforced EMR system; and 
finally Section 5, entitled, “Evaluation and Conclusion,” evaluates the proposed EMR system. 
2. Related Work 
Dialysis is a process used to remove waste products and excess water from a person’s circulating blood 
stream, thereby providing artificial replacement for lost kidney function due to renal failure [7]. Currently, 
Currently, two main forms of dialysis are used in the U.S.A.; Hemodialysis (HD) and Peritoneal Dialysis 
(PD). HD dialyzing a patient in a professionally-maintained dialysis unit consisting of a team of healthcare 
providers, including dialysis technicians, nurses, social workers, dietitians and nephrologists. According to the 
U.S. Renal Data System published Annual Data Report 2009, there were an estimate of 367,000 dialysis 
patients in the U.S. in 2007, and most of them received hemodialysis [8].  This paper describes HD 
workflows.  
A survey produced by J. Kochevar, et al. [9] reported only 5.3% respondents consider “better quality care” 
should result in having an EMR system for dialysis. However, 23.7% of the respondents were more concerned 
about “save time”, or “improves record keeping”, factors that were not directly related to patient safety. Those 
attitudes also have impact on providing industrial quality EMR system for dialysis and conducting research on 
this topic. Consequently, many early dialysis EMR systems focused more on economic benefits of use [10, 
11], such as having efficient billing software for dialysis. In recent years, due to advances in kidney treatment, 
workflows used in dialysis treatments become more complex.  That coupled with the increase of kidney 
diseases resulted in data generated for dialysis exceeded many other specialized life sustaining diseases [12]. 
Subsequently, most dialysis facilities spent their effort in maintaining and manipulating data related to 
dialysis to reduce errors in data input, maintenance, processing and reporting. Therefore a great amount of 
effort spent on dialysis EMR systems are focused on integrating dialysis EMR system with other EMR 
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software systems, offering support for the report generating functionality, providing automated or semi-
automated decision support systems and ensuring regulatory compliance. While these efforts greatly facilitate 
the dialysis industry, they have not fully improved dialysis patients’ care due to the lack of integrating the 
clinic workflows into the EMR systems, which facilitates conformance to the standards of practice guidelines, 
such as Kidney Disease Outcomes Quality Initiative (KDOQI) [13]. Only one dialysis EMR system, Clarity, 
claims it is a specifically designed dialysis EMR with the dialysis clinics workflow [14]. However, being a 
commercial product, there is no published evidence that those workflows have been enforced in the EMR 
system. 
Many different kinds of dialysis EMR systems are in use today.  Many de-facto workflows have also been 
used in numerous dialysis units across the United States as well, however, to the best of our understanding, 
these workflows have not been directly facilitated and enforced in any EMR systems.  The significant benefit 
provided by enforcing workflow into a dialysis ERM system is delivering systematic management among 
dialysis processes aim to achieve quality care improvement.  In order to create a workflow-enforced HD EMR 
system, a HD workflow should be studied first. We describe a Hemodialyis workflow in the next section. 
3. Generate a HD Workflow 
 The methodology used to generate a HD workflow involves the following steps.  (1) We interviewed care 
providers (e.g. dialysis technicians, nurses, social workers, dietitians and nephrologists etc.) who are part of 
the dialysis team at an outpatient dialysis center to generate their individual workflows.   (2) We collected the 
paper-based documents used to record events and data that are associated with the workflows.  Finally we 
combined (1) and (2) to generate a more comprehensive workflow.  We describe the workflow process used 
by the dialysis unit in a hierarchical manner. That is, we describe the high-level workflow process first with 
the caregivers involved in the processes and the data that is exchanged between them during the process of 
providing the care. If there is a detailed sub-process that described a task in this high level process, we then 
describe these sub-processes separately and show how they are connected to the overall workflow. 
3.1   High-Level Hemodialysis Workflow  
 
Fig. 1. The High-Level Hemodialysis Workflow 
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The high-level hemodialysis process, modeled using the YAWL workflow editor is shown in Figure 1. It 
covers the lifecycle view of the dialysis process consisting of multiple stages. The process begins when the 
dialysis unit receives a request for long-term hemodialysis of a patient mostly by a nephrologist referral or 
rarely by a patient contacting the dialysis unit.  
 Our workflow model using the YAWL language consists of boxes that denote documentable treatment, 
diagnosis, specimen collection or test results connected by arcs that show the dependencies between them. In 
describing the high-level workflow, we use (our own) notation system consisting of the letter W followed by 
an integer to refer to nodes that by themselves consists of other workflows.  As Figure 1 shows, the leftmost 
node with a right pointing green arrow inside a circle is the starting point of the workflow and the rightmost 
circle with a filled red square ends the workflow. The starting point is the process of receiving the patient 
referral to the dialysis unit and the ending process is the termination of a dialysis treatment in the unit. The 
high-level intermediate steps are as follows: 
1. Step 1- Workflow W1 (Social Worker): Receives the patient referral and evaluates the patient for 
acceptance. The evaluation is a sub-process described in Section X. The outcome of this process is 
the accept/reject decision labeled C1. 
2. C1: Outcome of the acceptance decision. 
3. Steps 2A or 2B (2B.a and 2B.b- Mutually exclusive) (Social Worker): Communicates the 
acceptance decisions to the patient (2B accept, 2A reject). The Nephrologist writes a dialysis order 
and other special orders (if any) for accepted patients (Step 2B.b) and (Social Worker) schedules 
treatment visits (Step 2B.a.1). 
4. Step 3 (Social Worker): Calls to confirm patient appointment. This step can be taken only when the 
dialysis order has been given and treatments schedule has been set up. 
5. Step 4 (Dietitian, Social worker and optionally the Nephrologist): An accepted patient starts 
treatment by visiting multiple healthcare workers that have their own workflows described below. 
a. Sub Step 4a with workflow W4 (Dialysis Technician): HD treatment. Represents a sub-
process of HD treatment in the dialysis unit. 
b. Sub Step 4b with workflow W6 (Dialysis Technician, Nurse, Nephrologist): Nephrologists 
are required to visit the patient four times per month while undergoing HD treatment. 
c. Sub Step 4c with workflowW7 (Dietitian): Meet with the dietician. This sub-process starts 
when a dietician is assigned to work with a new patient. 
d. Sub Step 4d with workflowW8 (Social worker): Meets with the social worker. This sub-
process starts when a social worker is assigned to work with a new patient. 
e. Ends a HD treatment. 
6. Step 5 (Nurse/Nephrologist): Check patient status. 
a. Condition C 3: (Patient lost or continues) 
b. Step 5.1: If the patient is lost (due to kidney transplant, death or transfer), negate a report 
c. Otherwise: If the patient continues, repeat HD treatment starting from Step 4. 
 
We now describe the details of one sub-workflow in the following section. 
3.2   “Do Hemodialysis” Sub-workflow 
The continuous workflow that we call “do dialysis”, named W5 and shown in Figure 2, describes all of the 
steps taken during hemodialysis treatment. During each treatment, the treatment nurse needs pre-assess and 
post-assess the patient for suitability for the dialysis treatment, and if the treatment nurse finds an 
abnormality, optionally reports the observations to the Charge Nurse, and one of them may call the 
989 Bo Yu and Duminda Wijesekera /  Procedia Technology  9 ( 2013 )  985 – 995 
Nephrologists in case they are needed. The Nephrologists instructs (may or may not become orders) the 
nurses based on the supplied information. In addition, the treatment nurse also checks for any requests of 
patient education and necessary lab work.  If there are, those requests are addressed during this visit.
 
Fig. 2. The Hemodialysis Process 
1. Step 4a.5a.1 (Treatment Nurse): Pre-assesses the patient and documents in the flow sheet.  If an 
abnormality occurs, inform the charge nurse. 
a. Step 4a.5a.2A.1 (Charge Nurse): If needed, pre-assesses the patient. If abnormalities are 
observed and can be solved, document them in the flow sheet (Step 4a.5a.2B). If abnormalities 
are observed (infection, clotted, etc.) but not solved right away, the following steps are taken. 
b. Step 4a.5a.2A.2 (Treatment /Charge Nurse): Calls the nephrologist for advice. 
c. Step 4a.5a.2A.3 (Treatment /Charge Nurse): Obtains orders or advice from the nephrologist. If 
orders received, record them and the treatment nurse verifies.  
i. 4a.5a.2A.3.1 (Charge Nurse): Writes orders and the treatment nurse verifies.  Charge 
Nurse repeats the order to the nephrologist and writes the order. The nephrologist 
counter-sign orders later. 
ŝŝ͘ Step 4a.5a.2A.3.2 (optional) (Treatment Nurse): If labs are ordered, treatment nurse 
collects samples.  
d. Step 4a.5a.2A.4 (optional) (Treatment Nurse): If needed, prepare and fax a transfer package. 
i. Step 4a.5a.2A.4.1 (optional): Transfer patient 
e. Step 4a.5a.2B: Document steps pre-assessment information in the flow sheet. 
2. Step 4a.5a.3 (Treatment Nurse): Starts dialysis. 
3. Condition C 5: Any abnormalities requiring attention 
4. Step 4a.5a.4A.1 (Treatment Nurse): Checks the type of the abnormality, if it cannot be resolved, take the 
following steps: 
a. Step 4a.5a.4A.2 (If C6) (Charge Nurse): Describes symptoms and the test results to the 
nephrologist. 
b. Step 4a.5a.4A.3 (If C6) (Charge Nurse): Gets orders or instructions from the nephrologist. 
i. Step 4a.5a.4A.4A (If C7): If advised to treat in house, follow advice. 
ii. Step 4a.5a.4A.5 (Treatment Nurse): Records data in the flow sheet and related forms. 
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iii. Step 4a.5a.4A.4B (If C7): If advised to transfer the patient, prepares transfer package 
and fax it. 
iv. Step 4a.5a.4A.4B.1: Transfer patient. 
c. Step 4a.5a.6 (Treatment Nurse): Records data in the flow sheet. 
Step 4a.5a.4A.1 (No abnormalities or can be solved) (Treatment Nurse): Records data in the flow sheet 
and related forms. 
5. Step 4a.5 (Treatment Nurse): Post-assesses the patient. Dealing with abnormality, the steps are the same 
as in pre-assessment. 
6. Step 4a.6 (Treatment Nurse): Document post-assessment in the flow sheet. 
7. Step 4a.7 (Treatment Nurse): End dialysis. 
4. Create Workflow Enforced Hemodialysis EMR 
Now we describe how we created a workflow-enforcing EMR system for hemodialysis in Figure 3. As 
Figure 3 shows, our system consists of the following components: (1) User Interface (UI) for EMR 
operations, (2) HD EMR’s runtime System, (3) Workflow Management System (WMS) and (4) their 
corresponding databases.  
 
Fig. 3. The Architecture of Workflow Enforced Hemodailysis EMR System 
• Users: Caregivers who interact with the system, such as the hemodialysis team, the quality care team who 
may want to review the logs, etc., and generate mandatory reports from the EMR logged data. 
• The EMR System: Provides dialysis clinical functions, including the display of patient demographic 
information, vital signs, medication, lab order/results, etc.  
• Workflow Management System: Designs and executes workflow models, consisting of a workflow 
editor, workflow runtime engine and other components such as a workflow task handler that enforces the 
completion of a specific task. 
We implemented our design using the open sourced OpenMRS as an EMR system [15] and YAWL as a 
workflow system [16]. In our implementation, the EMR user community interacts with the EMR using the 
well-designed OpenMRS user interfaces (see Figure 4), and all the patient data is stored in OpenMRS’ 
databases. 
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Fig. 4. Dialysis Integration in the OpenMRS 
As stated, we enforce dialysis workflows upon the OpenMRS EMR system using the YAWL workflow 
system. We did so for many key reasons. First, YAWL workflow system has been used to implement many 
workflows in industry and academia [17]. Secondly, YAWL uses a domain independent syntax to specify 
workflows, and provides an editor and a runtime engine that can enforce workflows specified in YAWL 
syntax for any applications.  Therefore our models can be audited and verified against ground reality by third 
parties for the accuracy of the workflows. Thirdly, YAWL is open sourced software. Lastly, many research 
projects have used YAWL as a workflow-modeling tool in the recent past. 
Our hemodialysis workflow system is implemented as a loadable module in OpenMRS. The user interface 
of the dialysis workflow is represented as its own tab in Patient Dashboard of OpenMRS and incorporates the 
dialysis unit’s organizational and operational knowledge of the hemodialysis process as a YAWL 
specification. The YAWL workflow engine uses these specifications to provide the caregivers the ability to 
step through the tasks and steps required to provide dialysis care as specified by the dialysis unit’s policies 
and procedures. In addition, the workflow engine logs every incident into a database creating the audit-able 
record of the work process provided by the dialysis unit.  
The interaction between dialysis workflow module and the YAWL workflow engine uses a XML/HTTP 
messaging protocol. We enable the use of this protocol by registering our custom deigned hemodialysis 
service with the YAWL engine that treats the OpenMRS system as an externally controllable service. 
Consequently, the YAWL engine ensures the order of task execution and the data flow management (data 
input, output) associated with each task. The customized hemodialysis workflow service enforces and audits 
each task by querying each task from the YAWL workflow engine, dynamically creating and presenting the 
user with the data input and output form required for each task that look very similar to the paper based forms 
used in the dialysis unit, but validates the user input prior to submitting back to the YAWL engine. 
In more details, we use the sub-workflow, “do dialysis”, generated in section 3.2 as an example; the 
following is the implementation of the HD workflow in the OpenMRS: 
The care providers select a patient (as shown on Figure 5) after a successful login to OpenMRS. 
 
Fig. 5. Find a Patient from OpenMRS system 
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Fig. 6. Finished a Do Dialysis Workflow 
1. After enrollment of a patient and launching of the dialysis workflow, our system will automatically load 
the first task “do pre-assessment” into the OpenMRS user interface as shown in Figure 7. Notice that the 
Enrolment Date and Started By are displayed in our GUI. 
2. After task 1 is completed, care providers are allowed to start the sub workflow “do dialysis”. Then a 
form for the first task of “do dialysis”, “do pre-assessment” pops up a form requesting information such 
as patient’s cardiovascular, respiration, accesses shown in Figure 8. After a care provider finishes the 
pre-assessment task, he/she clicks the choice box “patient_assessment_ok”, and as a consequence the 
workflow management system checks to see if the information is complete and if so proceeds to the next 
step.  
For example, if the patient’s pre-assessment is abnormal, as shown in Figure 9 the task, “charge nurse  
 
 
 
Fig. 7. Care Provider Starts a Do Dialysis Workflow     Fig. 8. Workflow Inquire Data Form 
do pre-assessment”, will be chosen by the workflow management system as shown in Figure 10. Otherwise, 
the task “document in flow sheet” will be triggered. During the executing of the specified HD workflow, 
tasks that only require filling in information that is already available in the EMR will be automatically filled 
in by the workflow management system and the system completes these tasks without requiring human labor 
and time.  
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Fig. 9. Patient Pre-Assessment Abnormal       Fig. 10. Trigger Charge Nurse Do Pre-Assessment Task 
ϯ͘ When the entire “do dialysis” workflow, including all of its tasks and sub-workflows are finished, the 
system will display all the executed tasks in their execution order as shown in Figure 6.
5.  Evaluation and Conclusion  
Workflow enforced HD EMR system can improve the quality of care provided to dialysis patients. More 
specifically, our hemodialysis workflows embedded in enhanced OpenMRS EMR system will compel care 
procedures to comply with local or nation standards and policies. This system should also provide flexibility 
that caregivers need to continue treatment when, in their judgment, the best care is provided by moving to the 
next task even if  prerequisite tasks are not completed as specified.  We anticipate and facilitate such 
exceptions by allowing care providers to bypass unfinished tasks and move the workflow forward. These 
exceptions will be recorded in the workflow management system so that they can be reviewed for quality of 
care and perhaps used to improve the workflow itself.  
Despite the benefits from workflow-enforced HD EMR systems, workflow management may cause delays 
that, because dialysis is performed in real-time, providers may deem unacceptable. For adaptability of the 
EMR system we propose, we migrated as many tasks as possible into automatic tasks when creating workflow 
specifications.  In addition, we also incorporated a suggestion by Kurtz, which is that a well-designed system 
should contain sufficient redundancy to minimize the risk of system downtime or data loss [18].  Finally, we 
paid particular attention to the privacy and security issues, which are one of the main issues for any EMR. 
1. Access Control: The Hemodialysis team as a whole provides the required services to a dialysis 
patient who visits the dialysis center during regularly scheduled dialysis visits, from the acceptance 
of a patient to the end of the last dialysis treatment at the unit. Each team member plays a designated 
role in providing care with a set of assigned duties that are choreographed with each other 
accordingly, forming workflows. The team together provides the care planned for the dialysis 
patient. We have used a role-based access control model to provide information confidentiality.  
2. Accountability: To monitor quality of care, a dialysis EMR system should have auditing capabilities. 
In our proposed workflow-enforced HD EMR system, workflow logs are used for the quality care 
team to review both procedures and outcomes. It performs an ongoing audit trail to satisfy 
accountability requirements. 
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In conclusion, our workflow-enforced HD dialysis EMR system is executable; conforms to the dialysis 
industry development trends; and complies with organization’s requirements and regulations. It will improve 
tracking of clinical hemodialysis outcomes, safety and their relationship to the utilized workflows.  
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Appendix A: The YAWL Notation and Symbols Used in YAWL*  
 
Name Symbol Description 
Start Condition  Start of the workflow (mandatory) 
End Condition  Endof the workflow (mandatory) 
Condition 
    
A state for the workflow (also called a Net) 
Atomic Task 
   
Represents a single task to be performed by a human participant or 
an external application 
Composite Task 
   
A container for another YAWL process (also called a sub Net) 
Multiple Instance Task 
 
Run multiple instances of the same task concurrently 
XOR-Split 
    
Used to trigger only one outgoing flow 
AND-Split 
     
Trigger more than one task instance simultaneously 
OR-Split 
 
Trigger some, but not necessarily all outgoing flows to other tasks 
AND-Join 
 
The task can begin when all incoming flows are completed 
XOR-Join 
 
The task can begin when at least one incoming flow completes 
OR-Join 
 
The task begins either all incoming flows finish, or none of them are 
known to finish ever 
Remove Tokens 
 
Provides the ability to exclude elements from the cancellation set of 
a task 
*from YAWL User Manual (http://www.yawlfoundation.org/yawldocs/YAWLUserManual2.0.pdf) 
